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Biodiversity, species composition and biogeographie relationships were compared between

regional populations oi marine sponges along die NE Australian coastline (extending

northwards from Byron Ba> to the E Gulf of Carpentaria, including the southern fauna feorn

Sydney-! I tawarra as an outgroup comparison), based exclusively on amples of living

populations. Much of the older literature concerning Australian sponge taxonoa
unreliable to bi ffci ti \ ely as a tool to determine conspccificity and explore taunistic

relationships, 3 quentlv this literature was ignored completely in out- analyses n

Instead recent collections made throughout the study area, all documented ui situ.

Levels of biodiv< " irii d considerably between many regions related in part to the;

and diversity of habitats present in particular regions, but also to differences in collection

effort Several ] ui. apparentK lowsporii u in the- Coral
Sea) were clearly biased by correspondingly low collection efforts, whereas in other legions

these biodiversity data appear to be more realistic indicators of species richness Fauna i H

the Gulf ot Carpentaria and Turtle islands were more intensively sampled but had relatively

low sponge diversity, whereas those of the SwamReefs, Caprieom-Bunkei Group. Lizard

Island and Moreton Bay regions had much hf. iversity with equivalent (and

sometimes lower) collection effort. I" iv« of the seven relatively highly di\ erse regions lay in

ilu south (Swain Reefs. Capricorn-Bunker Group, Moreton Bay, Sydney-lllawarra,

Sunshine Coast), with onl> two northe ions showing comparable diversity (Lizard

Island, Low Isles), contrary to latitudinal trends in diversity found in some other marine

phyla. Statistics i
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\\\.r- arra I he most soutl pedes)! Wreck Reef (the most isolated oceanic

region; 46%), and the uuirotTarpcnuinatdifimng substantial^ [ram all other regions i

habitat composition; 45%), I Consistent discovery of abort 1% fnev I i iot previa

encountered! species from each reef -system surveyed suggests that ihe possible sponge

biodiversity in Nl isi alia greatly cxa of about 1,500 species.
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This study examines the biodiversity, species

composition and biogeographic relationships

between regional populations of marine sponges

along the NE Australian coastline, extending

northwards from the Byron Bay region (N New
South Wales (NSW)) to the E Gulf of Carpentaria

(N Queensland (Qld)), with the southern fauna of
Sydney-IUawarra region used as an outgroup

comparison. Our study is based exclusively on
our samples of living populations, documented
using contemporary methods. For reasons ex-

plained below we ignored the published literature

completely in these analyses.

Biogeographic relationships of Great Barrier

Reef (GBR) sponges in particular, and of the Qld
fauna in general, have been speculative ever since

the pioneering studies in this region by Ridley

(1884), Polejaeff (1884a.b), Ridlev & Dendy
(1887), Sollas (1888), Lendenfeld (1883,
1885a,b, 1887, 1888, 1889),Thiele(l898, 1903),

Schulz (1900), Kicschnick (1900) and Burton

(1934). Together these earlier authors indicated

that a large proportion of this fauna consisted of
'widely distributed Indo-Malay\ Tndo-Pacific\

"cosmopolitan
3

or 'general east Australian coast-

al' species, with a much smaller proportion of
indigenous species.

There is some evidence from contemporary
collections to support this contention in the older

literature that a certain proportion of tropical and

subtropical Indo-Pacific sponges extensively

range in distribution from the Red Sea to the

central west Pacific islands. These species are

thought to comprise between 5% (Hooper &
Levi, 1994) and 15%of regional faunas (Hooper,

1994), and they mostly concern species
associated with coral reefs, belonging to many
different families and orders (i.e. demonstrating a

diversity of reproductive strategies and mech-
anisms for dispersal). They occupy a diversity of

coral reef habitats, including the reef Hats and
lagoons (e.g. Hyrtios erecta (Keller), Carterio-

spongia foliascens (Pallas)); coral rubble (e.g.

totrochota baculifera Ridley, Spirctstrella

(Spheciospongia) vaguhimda (Ridley), Teihya

robusta Bowerbank); deeper fringing reefs (e.g.

Axinella carteri (Dendy), lanihella basta
(Pallas)); and specialised habitats such as coral

caves (e.g. Astrosclera willeyatui Lister). The
occurrence of these species in a particular region

may be linked to the presence or absence of these

habitats on each reef (e.g. Hooper, 1994), and in

some cases dispersal has been assisted through

anthropogenic activities (such as ship bilge water

(e.g. Mycale (Zygomycale) parishii (Bower-

bank)), and ovster farming (e.g. Cliona vastifica

Hancock) (e.g. Wesche et al., 1997)).

Morphometrically these widely dispersed

populations appear to be conspecillc and in some
cases they do not appear to vary morphologically

across this vast geographic range. But it is still

unknown to what extent these discontiguous

regional populations differ genetically, their

potential capabilities for interbreeding or re-

hybridising, or any realistic estimates of what
proportion of these species are truly widely
dispersed and what proportion consist of com-
plexes of closely related, but genetically distinct,

species (sibling species). Increasingly, however,

many of these allegedly widely distributed

morphospecies are being found to consist of

heterogeneous allopatric populations, with
biochemical and genetic diversity not necessarily

manifested at the morphological level (e.g.

Sole-Cava and Thorpe, 1986, 1994; Hooper et

al., 1990, 1992; Sole-Cava et al., 1991, 1992;

Bavastrello & Sara, 1992; Boury-Esnault et al.,

1992; Kerr and Kelly-Borges 1994; Kelly-Borges

etal. 1994; Klautau etal., 1994; Sole-Cava etal.,

this volume). To date only one allegedly widely

distributed species, A. willeyana, has been
sampled across the entire Indo-Pacific system,

including populations from the GBR(Woerheide,

1997). Chemical and genetic analyses suggest

that regional populations of this morphospecies
may consist of several discrete sibling species,

corresponding to subtle but consistent morpho-
metric differences between them. No other data

are yet available for other species from the GBR.

The possibility that regional endemism
amongst the GBRand Qld species may be higher

than previously recognised (Hooper & Levi,

1994) is supported from three sources.

1 ) In the more recent literature on GBRsponges

local populations of so-called widely distributed

species are recognised as belonging to distinct

species (Wilkinson, 1978; Pulitzer-Finali, 1982;

Thompson et al., 1987; Hooper, 1987, 1990,

1991, 1996; Bergquist et al., 1988, 1990; Sara,

1990; Fromont, 1991, 1993; Van Soest et al.,

1991, 1996; Hooper & Bergquist, 1992; Van
Soest & Hooper, 1 994; Bergquist & Kelly-Borges,

1991, 1995; Kelly-Borges & Vacelet, 1995).

These contemporary studies differ from the older

literature largely through their recognition that

consistent (and sometimes subtle) morphometric
differences between regional populations may
constitute valid interspecific differences, as

opposed to merely recognition of (sometimes
substantial) intraspecific variability. A common
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feature of these contemporary studies is that they

were largely based on living populations and not

solely reliant on often antiquated, preserved or

dry, museum voucher specimens (which lose

most of their useful field characteristics). Some
of these studies also include chemical and genetic

data to support their morphological hypotheses.

By comparison, very few authors of the older

literature had access to living populations, with

few (if any) data on living species' character-

istics. For many taxa (particularly Chalinidae,

Callyspongiidae, Halichondriidae), such data are

mandatory, and consequently, as slated long ago
by Hallmann (1912), many of the identifications

in the older literature have long been doubtful.

Unfortunately, however, these species describ-

ed in the contemporary literature comprise only a

relatively small proportion of the published fauna

of the entire GBRand Qld, with most species

names established in the older literature (see

Hooper & Wiedenmayer, 1 994).

2) Our re-examination of some museum voucher

specimens described in the older literature has

found many instances where species were
misidentified, with regional populations being

unjustifiably Mumped1

into a single widely
distributed or so-called cosmopolitan taxon (e.g.

Hooper, 1991. 1996; Hooper & Weidenmayer,
1994; Hooper et al.,1999, this volume). Un-
fortunately, again, relatively few of these older

species have yet been revised —a long and
arduous process —and the status of many nominal
species throughout the GBRand Qld faunas is

still in doubt. Until identifications can be con-

firmed, estimates of endemism are equivocal,

and endemism is referred to as 'apparent*.

3) Throughout the Indo-Pacific there are pub-

lished regional faunas which have much higher

levels of species endemism and relatively fewer

widely distributed species than has been
suggested for the GBRand Qld in the older

literature. This extra- limital literature includes

both earlier authors (e.g. Topsent (1897) and

Thiele ( 1 900, 1 903 ) in describing the Ambonand

Ternate faunas; de Laubenfels (1954) on the

central west Pacific island and atoll faunas) and
more contemporary publications (e.g. Bergquist

(1968 et seq.) on the New Zealand fauna; Levi

(1967 et seq.) on the New Caledonia fauna).

Theoretically, levels of species endemism
amongst Qld and GBR faunas might also be
expected to approach these other regions, but the

existing taxonomic literature is largely unreliable

to serve as a basis to analyse faunistic relation-

ships of sponges in this region.

For these reasons, it has not been possible to

develop any reliable hypothesis on the bio-

geographic affinities of the GBRand Qld sponge
faunas, even though 428 'valid' species of
sponges have already been published from this

region ( Hooper & Wiedenmayer, 1 994; including

literature published since 1994). Many of these

species are still poorly known, with relatively

few subsequently recorded since they were first

described (particularly those of Lendenfeld).

Moreover, recent collections from this region

now consist of > 1 ,500 species, most documented
from living populations (Queensland Museum
(QM) collections), but most cannot yet be
assigned reliably to a known taxon given the

largely inadequate descriptions in the older

literature, their lack of published data on living

characteristics, the significant proportion of
misidentifications amongst the so-called widely

distributed species, and the inaccessibility,

scattered and time-consuming task of locating

and re-examining type collections.

Consequently, we chose to make use of these

comprehensive, but still largely unnamed QM
sponge collections to explore the biogeographic

affinities within the Qld regional faunas by
ignoring the published literature completely. This

literature, concerning the 428 described species

from Qld waters, is summarised in Hooper &
Wiedenmayer (1994). The QMcollections were

primarlilv obtained from shallow coastal waters

of the Qld coast, GBRand the Coral Sea (0-70m
depth), with accurate GPS locality data, habitat

descriptions and underwater photography. They
were obtained using SCUBAand trawling, and
have been identified and documented to species

level (with many already known to be new to

science). Our standardised method of collection

and documentation provides us with the ability to

unequivocally differentiate between closely

related sibling species and not to rely solely on

the literature to determine conspecificity and

faunistics relationships. It is well beyond the

scope of this paper to provide a comprehensive
list of raw species data used to compare regional

and provincial faunas. These raw data have been

included (in tabular format) on the senior

author's personal web page at the QMweb site

(http://www.qmusetiTrLqld.gov.au).

Of these QMcollections we selected 17

discrete regions within the Qld fauna (i.e.

ignoring some of the dispersed inter-reef regions

sampled such as the collections described by
Cannon et aL, 1987). Together these collections

consisted of approximately 800 species. As an
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TABLE 1 . Regional species diversity (bold numbers in the diagonal row) and similarities in species composition
between sponge faunas of central and NEAustralia (upper half of matrix showing the numbers of species shared

between each region; lower half of matrix showing the percentage similarity between regional faunas

(Greig-Smith Similarity Index; Krebs, 1978)). Key to regions: A, Sydney-Illawarra region; B, Tweed River

region, from Byron Bay to the Gold Coast; C, Moreton Bay region, within the bay and outside the bay from
South Stradbroke I. to Flinders Reef, N of Moreton I.; D, Sunshine Coast region, from Mooloolaba to Noosa
Heads; E, Hervey Bay region, including Wside of Fraser I.; F, N islands of the Capricorn-Bunker Group, S Great

Barrier Reef; G, Wreck Reef, S Coral Sea; H, Cato Reef, S Coral Sea; I, Saumarez Reef, S Coral Sea; J, Swain
Reefs, S Great Barrier Reef; K, Bait and Hook Reefs, Whitsunday Is region, central Great Barrier Reef; L,

Lizard I. region, including the Direction Is and MacGilvray Reef, N Great Barrier Reef; M, Turtle Is region, N
Great Barrier Reef (trawled fauna); N, Low Isles, N Great Barrier Reef; O, Osprey Reef, Far N Coral Sea; P,

Shelburne Bay region. Far N Great Barrier Reef, including the Cockburn and Fast Is (trawled fauna); Q, Torres

Strait region (trawled fauna); R, E Gulf of Carpentaria region (trawled fauna).

Number of shared species

Region A B C D E F G H I J K L M N O P O R

A 131 10 10 9 2 1
i 3 2 2 I 1 5 1 1

B 10 69 33 14 5 7 1 8 2 5 4 1 6 3 3

C 6.7 28 166 31 18 19 6 1 3 28 8 13 3 7 2 16 4 9

D 7.6 16 23 106 11 19 7 1 1 25 10 23 3 12 6 12 4 5

E 2.2 8.1 16 14 54 11 ! 11 3 7 3 6 3 8 2 4

F 0.6 5.5 11 13 9.1 187 21 5 7 61 22 44 5 25 6 23 5 4

G 1.9 1.3 4.9 7.5 1.5 16 81 7 4 25 7 20 1 12 5 5 6 1

H 1.1 1.7 5 15 14 2 4 1 2 2 1

I 3.4 1.7 7 8.6 15 12 3 3 3 3 2

J 1.8 5.8 15 16 8.4 31 17 3.6 2.7 208 28 62 6 29 13 27 11 6

K 2.1 3.2 7.2 12 5.4 18 10 2.8 8.7 21 57 31 5 16 4 19 4 3

L 1.3 4.1 7.6 16 6.1 24 16 2.1 3.2 32 27 176 16 39 16 32 12 9

M 1 5.8 2.5 3.4 4.8 3.9 1.3 4.3 7.9 13 70 6 13 6 8

N 0.8 1.1 4.9 11 6.9 16 12 3 4.5 18 IS 26 6.3 134 6 22 9 8

O 2 8.4 6.6 5.4 8.5 11 8.5 15 7.6 37 5 1

P 4.3 7.1 12 12 10 16 5.5 1.7 3.5 17 24 23 15 20 7.2 101 16 16

Q 1.1 5.2 3.8 5.3 4 4.3 9.4 8.7 7.8 11 10 11 22 46 9

R 1 4.7 8 6 7 3.2 1.4 4.5 5.1 7.6 12 8.8 2.1 20 17 60

Similarity Index (%)

outgroup comparison to check on species
relationships throughout the Qld faunas we used
recent collections of 131 species from the

Sydney-Illawarra region, NSW, all of which we
have documented, identified and described in the

same manner as the Qld voucher material (i.e.

again ignoring the published NSWfauna of
Lendenfeld (1884 et seq.), Whitelegge (1889 et

seq.), Hallmann (1912 et seq.) and others).

MATERIALSANDMETHODS

Species diversity, composition and distrib-

utions were compared between 17 discrete

regional faunas within NE Australia, extending

from Byron Bay (N coast of NSW)northwards to

the E Gulf of Carpentaria (Qld), including several

seamounts in the Coral Sea, and comparing these

with the Sydney-Illawarra region (S NSW; see

Fig. 1 ). From the QMsessile marine invertebrate

databases we retrieved 913 species collected

from these regions. Some of these species have

been described and recorded previously from Qld
waters in the literature whereas most cannot be

identified with a known taxon (i.e. probably new
to science). Only species (known and unknown)
for which we have collected a voucher specimen

during our contemporary collections were con-

sidered in this study. Other species records from

the literature from the Qld fauna, for which we do

not yet have a voucher specimen in QMcol-

lections were ignored and are not included in this

study. Hence, the potential diversity of regional

sponge faunas is much larger than we consider

here, whereas the uncertainty still surrounding

some of these taxa preclude us from using them
reliably in our species' inventories.
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rid.l. Distribution of NE Australian regional sponge faunas, showing
collecting localities grouped tlTtO regional faunas, table of the total

number of species collected, the number and percentage of unique

species for each region (apparent endemics), and number of collection

stations in each region for which sponges were present (see Tabic 1 for

key to regions).

V and 2 arc the total number oJ

species in each region and X is the

number of shared species between
regions Y and Z, expressed as a

percentage). A cluster analysis

was performed on all pairwise

comparisons and pinned using
I J PGMA (Group- Average!
sorting, and data were checked tor

consistency using non-parametric

Spearman's rank correlation
analysis on all pairwise
e orre 1 a i i o n S . A hie ra reh ie a

I

classification based on a heuristic

distance matrix was calculated

from all pairwise comparisons
using PAUP 3.1.1 (Swofford,

1993) with dendrograms plotted

using MaeCTade (Maddison &
Maddison, L992). Based on these

comparisons, regions of highest

similarity in species composition

were then combined into six

provincial faunas and reanalysed

using these same methods.

Together these analyses provid-

ed information on biodiversity

(total number of species within

each of the 18 regions); regional

endemism (number of unique
species within each region); sim-

ilarities and differences between
regional faunas (through a

pairwise comparison o\' similar

species for each region, expressed

as a total number of shared
species and a similarity index),

and a biogeographic model ( using

cluster analysis and distance

matrices producing a hierarchical

classification of regional faun-

lstics similarities).

RESULTSANDDISCUSSION

Species lists were generated for each of the

regional faunas from (he QMdatabases. Species

were then tabulated as present/absent for each of

the 1 8 regions, producing a pairwise matrix of (he

number of shared species between individual

regions, and a simple index of similarity

calculated for each pairwise comparison (Gteig-

Smith l964,iftKrebB, 1978; aM-*X/Y + Z) where

SPECIES DIVERSITY. Levels of
biodiversity in each of the IS

selected regions (Fig. 1 ) varied

considerably (Table 1), undoubtedly related in

part to the si/e and diversity of habitats present in

each reef system. In some cases these differences

were biased by differences in the collection effort

between regions, whereas in other cases they

reflect more true indications of diversity (table in

Fig. 1).
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TABLE 2. Levels of species endemism for each

province (combined regions), showing total number
of species, number and percentage of unique species

(apparent endemics) in each province (see Table 1 for

key to regions).

Region No. spp Unique spp %Unique

A 131 106 81

B 69 21 30

CDE 233 114 49

GHI 95 47 49

FJKLNOP 507 356 70

MQR u: 74 52

Few collections were made at Cato and
Saumarez Reefs in the Coral Sea, and these reefs

were also relatively homogeneous compared to

other regions sampled, both factors reflecting

their low sponge diversities (14 and 12 spp.

respectively).

In contrast, higher diversities in Moreton Bay
(166 spp.), the Capricorn-Bunker Group (187

spp.) and Shelbume Bay (including the Cockburn
and Fast Islands) (101 spp.) are undoubtedly

related to the presence of larger and more diverse

habitats in these regions, although there were also

more collections undertaken from each region.

By comparison, Lizard Island and the Low
Isles are both relatively small reef systems but

contain relatively high sponge diversities (176

and 134 spp., respectively), although the former

region had over twice the collection effort of the

latter.

The Sunshine Coast (106 spp.) and Swain Reefs

(208 spp.) had relatively fewer collections than

these other regions but relatively high diversity,

the latter the most diverse region yet sampled.

Two inshore faunas, the Turtle Islands (70 spp.)

and eastern Gulf of Carpentaria (60 spp.) were
characterised by shelly and soft sediments and

murky waters, yielding only few species despite

relatively higher collection efforts.

These trends are summarised in Figure 4. In the

case of Cato Reef, Saumarez Reef, Osprey Reef,

Torres Strait and Bait and Hook Reefs, apparent

low biodiversity is obviously related directly to

collection effort, whereas for other reef systems

our collections are more valid indicators of
existing sponge diversity. This is particularly

evident for Lizard Island, the Capricorn-Bunker

Group and the Swain Reefs in which species

diversity increased despite a consecutive decrease

in collection effort (Fig. 4). These differences are

confirmed through one-way ANOVA,comparing

the numbers of species collected, the number of

unique species, and the number of collections

made (Table 2), showing significant differences

between their means (P<0.001 ).

From our data there is no evidence that species

diversity increases at lower latitudes, contrary to

some other phyla of marine invertebrates in

which biodiversity generally increases towards

the equator, especially within the GBRsystem

(e.g. Rohde, 1979). In fact the reverse appears to

be true for sponges, in which five of the seven

most diverse regions lay in the south (Swain

Reefs, Capricorn-Bunker Group, Moreton Bay,

Sydney-Hlawarra and Sunshine Coast regions),

and only two northern regions had comparable

sponge diversity (Lizard Island, Low Isles).

SPECIES COMPOSITION. Affinities between
regional faunas generally appear to be related to

their proximity to each other, such that adjacent

regions usually had higher proportions of similar

species than did those further apart (Fig. 2).

Regions containing the highest proportions of

unique species (i.e. apparent endemics) were not

necessarily those containing the highest bio-

diversity; nor were they always artifacts of higher

collection efforts (PO.001; Fig. 4), but were
those that were either more isolated or contained

substantially different habitats than other regions

(table in Fig. 1). The southernmost region,

Sydney-Illawarra, had 8 1 %endemic species; the

most isolated oceanic coral reef, Wreck Reef, had
46%; and the Gulf of Carpentaria, with mainly

soft substrata, had 45% unique species (Fig. 1 ).

By comparison, levels of species endemism for

most other regions were consistent (between

24-38%), with the exceptions of Bait and Hook
Reefs in the central GBR( 1 6%) which probably

contains a more even mixture of species from

both northern and southern GBRfaunas.

These data support previous contentions that

sponge species distributions are notoriously

heterogeneous, particularly in coral reef faunas,

with differences in faunal composition partly

attributed to differences in geomorphology
between reefs (Hooper, 1994), but also with bio-

geographic factors influencing composition (as

indicated by the correlation between proximity

and similarity in species composition).

For each new reef system visited about 30%of

species had not previously been encountered,

with many of these possibly also new to science.

Thus, our prediction of sponge biodiversity for

Qld. (about 1500 species; Hooper & Levi, 1994;

Hooper & Wiedenmayer, 1994), may be a gross
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1. TEMPERATEROCKYREEFS

2. TEMPERATE. SUBTROPICAL
ROCKYREEFS

3. SUBTROPICALROCKYAND
CORALREEFSAND
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4. GREATBARRIERREEF
CORALREEFS

5. SOUTHERNCORALSEA
OCEANICCORALREEFS

6. FARNORTHERNINSHORE
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J. SWAINREEFS

L. LIZARD ISLAND
ANDOUTERREEFS

N. LOWISLES

P. SHELBURNEBAYREGION

K OUTERREEFS
WHITSUNDAYREGION

Q OSPREYREEF
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H. CATOREEF
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R. EASTERNGULFOF
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FIG. 2. Cladogram illustrating the hierarchical classification of

affinities between regional sponge faunas, based on heuristic

distance matrices computed using PAUP3,1.1, indicating 6 mjaor

faunistic provinces. Major provinces are: 1, Temperate rocky reefs;

2, Temperate-subtropical rocky reefs; 3, Subtropical rocky and
fringing coral reefs and embayments; 4, Coral islands and reefs of the

Great Barrier Reef; 5, S Coral Sea oceanic coral seamounts; 6, FarN
coastal islands around Torres Strait and Gulf of Carpentaria,

including fringing coral reefs and inter-reef soft substrata.

underestimate, and it is conceivable that twice

this number may live in this region.

Parsimony analysis, producing a hierarchical

classification of similarities between regions

based on regional species compositions (Fig. 2),

grouped the 18 regional faunas into 6 logical

provinces. These were generally (but not ex-

clusively) correlated with their proximity to each

other, their distance from the coast (and terrestrial

influences), and possession of similar habitat

types in each, such that these provincial groups

appear to be valid indicators of biogeographic

affinities: 1) Temperate rocky reefs; 2)

Temperate-subtropical rocky reefs; 3) Subtropical

rocky and fringing coral reefs and embayments;

4) GBRand island coral reefs; 5) Southern Coral

Sea oceanic coral reefs; 6) Far northern inshore,

fringing coral reefs and inter-reef soft substrata.

a. Sydney region REGIONAL BIOGEOGRAPHY.
On the basis of these trends we com-
bined the data for the 18 regional

faunas into 6 provincial faunas, and

repeated this analysis (Fig. 3, Tables

2-3). Ignoring for the time being the

most southern region (Sydney-
Illawarra, used as an outgroup com-
parison), and the most isolated

region (oceanic southern Coral Sea),

similarities in species composition

between the other four provinces

along the NEcoast ranged from only

18-25%.
Highest species diversity and

apparent endemism was found in the

GBRprovincial fauna (507 spp. and

70%, respectively). It has been sug-

gested, based on more subjective

criteria (Hooper et al., 1999, this

volume) that recognition of a single

GBRfauna may be artificial, with

the possible existence of separate

northern and southern GBRprov-

inces. To test this we compared the

two southern GBR regions (Cap-

ricorn-Bunker Group and Swain
Reefs), showing a 31%similarity in

their species compositions, with the

three major northern GBRregions

(Low Is, Lizard I. and Cockburn and

Fast Is), showing similarities

between 20-26%. Wethen compared
the combined data sets for the two
southern reefs with those of the three

northern reefs, discovering that there

were 88 species in common, with a similarity-

index of 22%. Thus, between-group comparisons

clearly overlap the within-group comparisons,

providing no statistical support for a proposal to

subdivide the GBRprovince. Breaking the data

down even further and re-examining all the

pair-wise comparisons between species
similarities for each of the individual GBRregions

was also uninformative (Table 1 ).

Similarly, any biogeographic trends in sponge

distributions that may be useful as a basis for

subdivision may also be partially masked by the

well-known heterogeneity amongst coral reef

sponges (Hooper, 1994), with the two factors

difficult to separate.

Nevertheless, from present data we can clearly

differentiate at least five provincial sponge
faunas within NE Australia, each having high

levels of within-group regional endemism and
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Torres Straits

Gulf of Carpentaria

(Province MQ

Coral Sea

Sydney

region

(Province A)

FIG. 3. Distribution of NE Australian provincial sponge faunas (18

regional sponge faunas amalgamated into 6 major provinces based

on PAUP analysis), showing species diversity (bar graphs),

percentage similarity in species composition between adjacent

provincial faunas (arrows) (see Table 1 for key to regions).

TABLE 3. Similarities in species composition between the 6 major
provinces (upper half of matrix showing the numbers of species

shared between each province; lower half of matrix showing the per-

centage similarity between provincial faunas using Greig-Smith

Similarity Index; Krebs, 1 978); and total number of species in each
province (bold numbers in the diagonal row)) (see Table 1 for key to

regions).

relatively low levels of between-

group similarities in species
composition: 1) Tweed River region

(Byron Bay-Gold Coast), with 30%
of species not yet found outside this

province (apparent endemic species)

(Table 2). 2) SE Qld (Moreton Bay-
Hervey Bay), with 49% provincial

endemism. This fauna is relatively

homogeneous in comparison with

the other provincial faunas. 3) GBR
(Capricorn-Bunker Group -

Cockburn Is), with 70% provincial

endemism. 4) Far northern coastal

and islands region (Torres Strait - E
Gulf of Carpentaria), with 52%
provincial endemism. It is also

likely that this province could be

further subdivided, given that the

combined Torres Strait - Shelburne

Bay regions have only a 1 7% sim-

ilarity in their species composition

with the Gulf of Carpentaria region

(Table 1). 5) Coral Sea, with 49%
provincial endemism. Further col-

lections from these seamounts are

necessary to determine whether
they contain a single homogeneous
fauna or several distinct provincial

faunas.

The concept of an E Australian

coastal sponge fauna, mentioned
frequently by Lendenfeld (1888,
1 889) is rejected, and the concept of
homogeneous GBRand Coral Sea
coral reef faunas (cf. Burton, 1934)

is also questionable, although more
extensive sampling of regional

faunas within each of these
provinces is required to further

investigate any proposed biogeo-

graphic subdivisions.
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MORPHOLOGYAND MOLECULESIN
LITHISTID TAXONOMY:NEWSOLUTIONS
FOROLDPROBLEMS.Memoirs of the Queensland

Museum44: 274. 1999:- Most lithistid sponges lack an

adequate range of taxonomic characters for

differentiation, and in most genera these characters are

extremely plastic. Consequently, the generation of

morphological hypotheses in comparison with
molecular phytogenies is nearly impossible due to the

absence of reliable synapomorphies. Historically,

lithistids have been grouped together in a single order

on the basis of common possession of an interlocking

siliceous skeleton. Recent morphological and
palaeontological data indicate, however, that lithistid

sponges are polyphyletic; several genera possess

skeletal characters that suggest affinity with
non-lithistid demosponges. We have found that in

many cases these characters are probably
non-homologous and misleading.

Ongoing research on the phylogeny of lithistid

sponges has revealed some interesting 'anomalies' of

identification. Although our data collection is still

incomplete, we have already found unexpected
phylogenetic affinities between three lithistid species

in Theonellidae and Corallistidae, comparing
morphological and 28S rDNA analyses. Surprisingly,

the nearest relatives of de Laubenfel's (1954)
'Plakinalopha' mirabilis are Theonella spp.; Theonella

atlantica is more closely related to Corallistes spp. than

to Theonella spp.; and Theonella tubulata Van Soest is

more closely related to Macandrewia azorica (in the

Corallistidae) than to other Theonella.

What is to be done in this situation ? To what extent

can molecular hypotheses be accepted over
morphological hypotheses or vice versa ? We have

found that rather than having to 'accept' one over the

other, which often goes against 'instinctual

phylogeny', molecular data makes us re-examine these

problems by reciprocal illumination, through the

generation of higher quality morphological research

and the examination of characters that are often, not at

first, obvious. With this group of lithistid sponges,

triaene rhabd and clade morphology, microsclere

ornamentation, and the patterns of desma zygoses, and

shaft ornamentation become crucially important in

differentiating taxa.

Thus, for this particular group of organisms, we have

found that morphological hypotheses between closely

related taxa are often strongly informative and can lend

crucial evidence for the acceptance of certain

molecular phy logenies over others. Molecular data can

clearly indicate relationships between organisms where
morphological data had previously failed, and
molecular data often require us to re-examine
morphological characters from new perspectives,

leading the discovery of new taxonomic
discriminators. O Porifera, phylogeny, 28S rDNA,
morphology, congruence, lithistid, Theonellidae,

Corallistidae.
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